Objective: the research objective was to characterize preterm infants with birth weight under 1500 g, and to identify the incidence of late-onset neonatal sepsis among this population. Methods: a prospective cohort study with a sample of 30 preterm newborns that weighed under 1500 g and were hospitalized in the NICU of the university hospital. Data were collected from January to December 2013 using a structured instrument. Results: of the 30 neonates included in the study, 14 developed late-onset neonatal sepsis with a prevalence of coagulase-negative staphylococci. Conclusions: the incidence of late-onset neonatal sepsis indicates a vulnerability in preterm infants due to immunological immaturity. These results reveal that knowledge of the profi le of newborn infants admitted to the NICU and the risk factors to which they are exposed are central to the planning of nursing care for these patients. Future studies should address strategies for preventing nosocomial infection. Keywords: Infant, newborn. Infant, premature. Sepsis. Intensive care units, neonatal. Neonatal nursing.
INTRODUCTION
Premature births are associated to the high risk of neonatal mortality (1) . In Brazil the preterm birth rate is 9.2% (2) . According to the World Health Organization, around 15 million premature infants are born every year all over the world. However, more than a million of these babies die shortly after birth, and many suff er from some type of lifelong physical, neurological or educational impairment, which generates high costs for their families and for society (2) . In Brazil, an estimated 60% of infant mortality occurs in the neonatal period, and neonatal sepsis is one of the main causes of these deaths according to data from the mortality information system (3) . Preterm birth is the major risk factor for neonatal sepsis. The risk of infection among preterm infants is 11 times greater than among full-term newborns (4) . Preterm newborns have immature skin and mucous barriers and an underdeveloped defence mechanism against infection. They are also immunodefi cient in the production of immunoglobulin, in the complement system (C3 and C5) and in their capacity of opsonization and phagocytosis (4) . The lower the birth weight, the greater the risk of developing neonatal sepsis. Gestational age infl uences the risk of neonatal sepsis in the same way (5) . Sepsis is defi ned by isolating an organism by means of a blood culture on the newborn with clinical symptoms of infection. In most studies, the isolation of an organism using blood cultures is considered evidence of neonatal sepsis (6) . Neonatal sepsis is classifi ed as early-onset and late-onset. In early-onset sepsis, the newborn shows symptoms in the fi rst incomplete three days of life, that is, with less than 72 hours of age, and it is related to maternal risk factors. The bacteria found in the cultures are present in the birth canal. In late-onset sepsis, the symptoms occur from the fourth day of life, that is, with more than 72 hours of age. This form of sepsis is related to neonatal factors and generally aff ects newborns who are hospitalized in Neonatal Intensive Care Units (NICU), which means that it is acquired in the hospital environment (7) . Late-onset neonatal sepsis is strongly associated with the procedures and contamination present in the NICU. Preterm newborns are infected with microorganisms by indirect human contact with the contaminated environment. Consequently, horizontal transmission is a major factor in the development of late-onset neonatal sepsis and preventive interventions should be carried out in the NICU in order to minimize this exposure (3) . The increased survival rates of preterm newborns elevates the rate of late-onset sepsis in the NICU. These newborns require long hospitalization periods and are submitted to several treatments and invasive procedures that put them at a higher risk of acquiring infection (7) . Late-onset neonatal sepsis is more common in premature infants with a low birth weight. Studies conducted in the United States found that newborn babies weighing less than 1500 g developed one or more episodes of late-onset neonatal sepsis with positive blood cultures (8) . If sepsis is not diagnosed in the initial stages, the newborn may rapidly evolve to septic shock, disseminated intravascular coagulation and death (9) (10) . Neonatal sepsis with the consequent septic shock is a major cause of infant morbidity and mortality (10) . Preterm newborns who have had neonatal sepsis have a higher risk of late neurodevelopment, especially diffi culties in learning, cognition, cerebral palsy and hearing and visual defi cits at the corrected age of 2. Gram-positive microorganisms are associated with cognitive and motor delays in these newborns (10) . Although septic shock is a serious outcome that raises the rates of morbidity and mortality, some promising strategies have been evaluated to prevent its onset (11) . Clinical studies suggest that the permanence of a central venous catheter, the use of mechanical ventilation, enteric feeding and skin sores are high-risk factors for late-onset neonatal sepsis, and that preventive strategies should be adopted in NICU to reduce colonization (12) . Most studies with newborns with a birth weight of under 1500 g are from foreign literature. In Brazil, there is a shortage of studies published on the subject of newborns with extremely low and very low birth weight and a lack of research conducted by nurses, which stresses the importance of research with preterm infants who are highly susceptible to infection. Therefore, the guiding question of this study is: what are the characteristics of preterm infants weighing under 1500 g that develop late neonatal sepsis? The results of this study can contribute to the investigation of late-onset neonatal sepsis among premature babies. Unlike full-term newborns, this population has unique immunological characteristics due to immaturity and therefore require a specifi c study. Since nurses must provide more prolonged care, they must be aware of the susceptibility of these patients and pay extra attention to the risk factors. As team managers, nurses must plan care in order to minimize the risks and prevent infections in the NICU.
The aim of this paper is to characterize preterm infants with birth weight under 1500 g, and to identify the incidence of late-onset neonatal sepsis among this population.
METHODS
This is a prospective cohort study with a sample group consisting of preterm infants born weighing less than included newborns of the Hospital de Clínicas de Porto Alegre (HCPA) weighing less than 1500 g and admitted in the NICU shortly after birth. The criteria for exclusion were preterm infants with a congenital malformation; infants of mothers who tested positive for human immunodefi ciency virus; infants of mothers with any of the following infections: syphilis, toxoplasmosis, hepatitis, rubella, chickenpox during pregnancy; infants of mothers with a membrane rupture ≥ 18 hours before labour, with fever ≥ 37.8° C, with infection of the ovary or other bacterial infection that can be transmitted to the foetus; infants of mothers undergoing chemotherapy and preterm infants with suspected infection at the time of birth.
After authorization of the parents, data were collected using a standardized form and the electronic and paper medical records. This instrument contained demographic variables (sex, multiple birth and type of labour) and clinical variables of the preterm infants that participated in the study. The variables that were considered risk factors for late-onset neonatal sepsis were use and permanence of a central venous catheter, time and permanence of mechanical ventilation, NPO time (Nil Per Os; Latin for nothing by mouth), use and time of enteral and parenteral nutrition. This study observed the use of mechanical ventilation, use of endotracheal tube in pressure support ventilation or pressure controlled ventilation on the newborn. The use of a nasal prongs associated to continuous positive airway pressure (CPAP) was also investigated. The observed central venous catheter (CVC) included the use of the peripherally inserted central catheter (PICC), the umbilical arterial catheter (UAC) or the umbilical venous catheter (UVC). The defi nition of late-onset neonatal sepsis as based on the criteria found in literature (5) , according to the "gold standard" for a positive blood culture diagnosis obtained after 72 hours of age of the newborn.
Data collected in the instrument were entered into an Excel for Windows spreadsheet. Data were subjected to descriptive analysis with absolute number and percentage for the categorical variables and average, standard deviation, median and interquartile range for the quantitative variables, according to the distribution of these variables. Data were analysed using the PASW Statistics programme (Predictive Analytics Software) version 18.0.
The project was approved by the Comitê de Ética em Pesquisa com Seres Humanos of the Hospital de Clínicas de Porto Alegre, under protocol number 12-0361. The parents/persons responsible authorized the participation of the infants and signed an informed consent statement. The researchers signed a statement for the use of data from the patients' medical records. This study was extracted from a master´s dissertation titled "Características dos recém-nascidos pré-termo com peso inferior a 1.500g e sepse neonatal" (13) .
RESULTS
In 2013, 3938 infants were born in the HCPA. Of these infants, 75 were born weighing less than 1500 g. Thirty three (33) newborns were excluded from the study. Of these 33, 15 were the infants of mothers with suspected infection at the moment of delivery, four died during the fi rst hours of life, nine were the infants of mothers with ruptured membrane more than 18 hours prior to delivery, two infants had congenital syphilis, one newborn had a congenital malformation, one was the infant of a mother with HIV, and one infant had suspected sepsis at birth. One newborn passed away and tested positive for sepsis the fi rst 72 hours after birth. There was no death in the sample during the period of hospitalization in the NICU. It was not possible to obtain the signature for the informed consent statement of eleven newborns. Therefore, the study comprised 30 preterm infants born from January to December 2013. Table 1 shows the clinical and demographic characteristics of the infants.
In relation to adaptation to extrauterine life, most of the newborns required neonatal resuscitation manoeuvres in the delivery room, and fi ve (17%) newborns required endotracheal intubation in the delivery room. As for the development of other diseases or complications, fi ve newborns (17%) had neonatal respiratory distress syndrome (NRDS), fi ve suff ered from bronchopulmonary dysplasia (17%) and one infant suff ered from necrotizing enterocolitis (3.3%).
All ventilatory support was initiated in the fi rst 24 hours of life. Most cases (96.6%) required central venous catheter (CVC), with a higher prevalence of the PICC. The catheters were inserted on the fi rst day of life of the newborn. The permanence and type of CVC are described below. In relation to total parenteral nutrition (TPN), 28 (93.3%) newborns relied on this therapy, followed by feeding through orogastric or oroenteric tubes (OGT/OET) ( Table 2) .
The diagnosis of late-onset sepsis was bacteriological confi rmation by means of positive blood cultures. Among the studied newborns, 14 newborns (47%) had positive blood cultures. The most common microorganism was coagulase-negative staphylococci (Table 3) .
DISCUSSION
Late-onset sepsis is a major cause of morbidity and mortality (5) . In this study there was no death in the sample during the hospitalization period in the NICU. However, Rev Gaúcha Enferm. 2015 Dec;36(4):84-9.
researchers (5) found that the percentage of deaths among newborns who developed late-onset sepsis was 18%, compared to 7% of the newborns that did not develop sepsis. The study also found a higher number of deaths among newborns with sepsis by gram-negative infection than by sepsis caused by fungi and gram-positive organisms (5) . The present study showed a high incidence of diagnosed neonatal late-onset sepsis by gram-positive organisms verifi ed through positive blood cultures. North-American authors (8) showed that the risk of late-onset sepsis in newborns increases as gestational age decreases. The incidence of sepsis was 20% in newborns with 28 weeks and 58% among newborns with a gestational age of 22 weeks (8) . However, another study (5) that accompanied 6215 newborns showed a prevalence of 21% of late-onset sepsis among the newborns.
In relation to the risk factors for neonatal sepsis evaluated in this study, we found high rates of MV and CPAP. Corroborating this data, other researchers show that the use of MV is associated with a higher risk of late-onset sepsis (5, 12) . A Brazilian study showed that newborns who developed sepsis were more exposed to invasive procedures, including the use of MV, PICC and surgical procedures, and 80% of the newborns with diagnosed sepsis underwent MV (p<0.001) (12) . In this study, the median duration of MV was 7 (5 -27) days. The risk of late-onset sepsis increases as the number of MV days increases (5) . A multicentre research trial in North America (5) showed that 50% of the newborns that underwent MV for 28 days or more developed late-onset 
Micro-organisms n = 14
Gram-positive organisms Coagulase-negative S.
Coagulase-negative S. and Enterococcus sp.
Fungus
Candida Parapsilosis 12 (86) 1 (7) 1 (7) sepsis, while only 9% of newborns that underwent MV for 7 days or more developed late-onset sepsis. The same study (5) also showed that newborns who developed late-onset sepsis underwent MV for longer that the newborns who did not develop sepsis.
Only CPAP was used for most of the sample during the fi rst 24 hours of life. A study conducted in Norway (14) showed that sepsis was more frequent among the newborns who used CPAP in the fi rst 24 hours than among the newborns who underwent MV for the same period. The reason for this association, according to the authors (14) is nosocomial, since after the third day of age, the upper airways of newborns are colonized by coagulase-negative S. and S. Aureus, while the lower airways of intubated newborns are considered sterile. The intense fl ow of gases, the manipulation of prongs and nasopharyngeal aspiration damage the immature mucous membranes and break the defence barriers, which paves the way for nosocomial bacterial infection. This would explain the association and suggests that institutions and professionals should remain alert to these risk factors (14) . Most of the sample used CVC for many days, which several studies consider the key risk factor for neonatal sepsis. A Brazilian trial (12) that assessed the risk factors for late-onset sepsis found that there were more cases of infection among the newborns who were submitted to PICC for more than 11 days (76.2%) than among the newborns who were not submitted to PICC (23.8%) (p<0.0001). Consequently, CVC in that study was considered a signifi cant predictor for late-onset neonatal sepsis, since the prevalence of late-onset neonatal sepsis was 397% greater among the newborns that received a PICC for 11 days or more (12) . A large part of the sample of this study used TPN for several days, and the time that the newborns remained in NPO also put them at greater risk of acquiring infections. Researchers (5) found that there were more cases of late-onset sepsis among newborns subjected to TPN and that the risk increases as the number of days of TPN via CVC increases. A study (15) carried out in Canada that aimed to examine the association between early enteral nutrition and late-onset sepsis by coagulase-negative S. found that the newborns with very low birth weight who received enteral nutrition before 24 hours of age remained less days in TPN. Probably on account of the reduced number of days of NPT and the reduced risks associated with the need to use catheters, the number of cases of late-onset sepsis by coagulase-negative S. was signifi cantly lower in newborns who received early enteral nutrition (15) . Other studies also demonstrate the benefi ts of early enteral nutrition on intestinal microbiota and the reduced use of TPN (16) . This study revealed a high percentage of newborns with positive blood culture, especially for the microorganism coagulase-negative S.. Other authors reported coagulase-negative S. as the most frequent microorganism (5, (17) (18) . A study (18) conducted in Taiwan found a high prevalence of neonatal sepsis caused by coagulase-negative S., although the mortality associated with sepsis by coagulase-negative S. was 2.4%.
It should be noted that coagulase-negative S. is not associated with more serious infections and higher mortality, but it is considered one of the most resistant microorganisms to the antibiotics that are routinely used in the NICU (17) . In this study, there was a case of infection by Candida parapsilosis. This fungus is considered rare, but similar studies have shown that it has a high mortality rate (18) (19) . Most nosocomial infections acquired in the NICU are the result of procedures to preserve the life of these newborns, so it is diffi cult to reduce the infection rate by merely limiting the number of procedures. In addition, it is not acceptable to consider these infections as a consequence of neonatal intensive care. It is therefore the responsibility of the healthcare team to minimize the risks of infection and to safely perform invasive procedures when necessary. Prevention strategies of adult and paediatric ICU may be equally eff ective in the NICU (11) . Strategies to reduce late-onset sepsis must be implemented and constantly reviewed to reduce colonization (12, 20) . Changes in routines can have a major impact on reducing the rates of neonatal infection and preventing morbidity and mortality (20) . The limitations of this study are related to the study population. The newborns weighing less than 1500 grams admitted to the NICU comprise a group with a low number of births and a low survival rate, which can impair inclusion and follow-up of these patients.
CONCLUSIONS
The incidence of late-onset neonatal sepsis in newborns weighing less than 1500 g is a constant concern of nurses care due to the vulnerability of preterm infants and the intensive need of technology. In addition, the immunological immaturity of this population and the invasive procedures performed in the NICU are risk factors for the development of late-onset sepsis. Greater knowledge of the profi le of newborns in the NICU and the risk factors to which they are exposed are fundamental for the planning of nursing care for these patients.
Nursing plays a relevant role in the care of preterm infants in the NICU, so nurses must be attentive to these risk factors in order to prevent infection and promote individualized care for newborns.
